Cerro Bravo is an active composite volcano located in the San Diego-Cerro Machín Volcano-Tectonic Province (SCVTP), the northernmost volcanic chain in the Colombian Andes. Among the products associated with the volcano, there is a peculiar "indurated" deposit emplaced between 7 and 2.9 ka, which resembles a block and ash pyroclastic flow deposit. Through field observations, physical property analyses, petrography and scanning electron microscopy (SEM), we demonstrate that this induration is the result of welding processes. High density, deformed glassy fragments with a common orientation, low porosity, fiamme and sintering, are the most visible characteristics. The evidence indicates that welding reached up to rank IV in a I to VI classification scheme. We suggest that welding is associated with (1) high emplacement temperature related to the syneruptive destruction of a growing endogenous dome and (2) a low glass transition temperature related to the influence of upward water diffusion after emplacement of the flow over wet ground. Thus, with emplacement temperatures between 670 and 540°C, and water contents between 0.5 and 1.2 wt%, the welding process was unusually efficient. Calculations made indicate that for the deposit to present the observed characteristics of welding, the emplacement temperature needed to exceed the threshold of the glass transition temperature for a time of 5-6 days and have an effective viscosity of 10 12 Pa s. As a result of the welding, the deposit decreased its thickness by between 15 and 7 m. This work contributes to the knowledge of welding processes and stresses the unusual occurrence of welding in this type of pyroclastic flow deposit which thus requires special emplacement conditions in terms of temperature and water content.
Introduction
Concentrated pyroclastic density currents (PDCs) are inhomogeneous mixtures of volcanic fragments, gas and water vapour, which originate from explosive eruptions and flow under the influence of gravity due to their relative densities (Cas and Wright 1987; Carey 1991; Druitt 1998; Branney and Kokelaar 2002; Sulpizio and Dellino 2008; Sulpizio et al. 2010) . Concentrated PDC deposits are those formed by pumice or scoria flows or by block and ash flows (Murcia et al. 2013) . The former are usually associated with plinian or boiling over eruptions, while the latter are associated with vulcanian or pelean eruptions, which occur in response to the disintegration of lava flows or a solidified dome (Rose et al. 1976; Rodríguez-Elizarrarás et al. 1991; Ui et al. 1999; Simkin and Siebert 1994; Miyabuchi 1999; Freundt et al. 2000; Voight and Davis 2000; Branney and Kokelaar 2002; Cole et al. 2002; Wright et al. 2007; Charbonnier and Gertisser 2008; Charbonnier and Gertisser Editorial responsibility: J. Fierstein Electronic supplementary material The online version of this article (https://doi.org/10.1007/s00445-019-1334-5) contains supplementary material, which is available to authorized users. 2012; Macorps et al. 2018; Ashwell et al. 2018) . Hot, block and ash flow deposits do not usually develop weld, which is more commonly found in ignimbrites (e.g. Smith 1960; Greene 1973; Streck and Grunder 1995; . This mainly due to their relatively lower emplacement temperatures (Te) and content of more crystallised material (e.g. Voight and Davis 2000; Uehara et al. 2015) . These emplacement temperatures are typically lower than the glass transition temperature (Tg), which is the temperature at which the pyroclastic flow deposits experience sintering and cause vitreous fragments behave like a viscous material (e.g. Giordano et al. 2005 ; see also Ryan et al. 2018 for solid-state sintering of non-glassy volcanic fragments). Thus, finding a welded block and ash pyroclastic flow deposit on Earth is not common; therefore, few studies have reported this type of pyroclastic flow deposit with welding characteristics. The best-known case is perhaps the welded block and ash flow deposit from the Mount Meager volcano in Canada (Hickson et al. 1999; Michol et al. 2008; Andrews et al. 2014; Heap et al. 2014) .
Cerro Bravo (Fig. 1) is located in the northernmost volcanic chain of the Colombian Andes and is a volcano that has experienced several periods of dome growth and destruction during its history; this has generated several block and ash flows during the last 14 ka (Lescinsky 1990; SGC 1991; Monsalve and Núñez 1992; Gil 2001) . One of the resulting deposits, formally defined here as the Herveo-welded block and ash flow deposit (WBAF), has been previously described as lithified or hardening (Lescinsky 1990; SGC 1991) . This deposit, which is found up to 10 km to the east of the volcano, is mostly covered by younger deposits. Despite the younger cover, the Herveo flow could be sampled at two locations ( Fig. 1b , c) allowing us to investigate the cause of the induration.
In this study, we thus investigate the WBAF via sedimentological characteristics of the deposit, density, shapes of glassy fragments, petrography, porosity and scanning electron microscope (SEM) images. This allows us to evaluate the deposit physical characteristics, and hence determine the processes that were involved in induration of the deposit. This work aims to produce new insights into the processes associated with the emplacement of block and ash pyroclastic flows, as well as the eruptive history of the hazardous, still active, Cerro Bravo volcano.
Cerro Bravo volcano
Cerro Bravo is one of the 10 polygenetic volcanoes that are located in the San Diego-Cerro Machín Volcano-Tectonic Province (SCVTP; Martínez et al. 2014; Fig. 1a ). In its last 14 ka of volcanic activity, the Cerro Bravo volcano (Fig. 1b ) has produced several effusive and explosive eruptions with dacitic and andesitic compositional products (Lescinsky 1990; SGC 1991; Monsalve and Núñez 1992) , including lava flows, domes emplacement, PDCs (pumice flows and block and ash flows, plus surges), pyroclastic falls, debris avalanches and lahars (Calvache et al. 1987; Lescinsky 1990; SGC 1991; Monsalve and Núñez 1992) .
The volcano rests on metamorphic rocks from the Triassic or Jurassic Cajamarca complex (Villagómez et al. 2011; Villagómez and Spikings 2013; Blanco-Quintero et al. 2014 ; Fig. 1c ), which is intruded by the Paleocene Manizales Stock (Brook 1984; Plazas 2010) and the Eocene El Bosque Batholith (Vesga and Barrero 1978; Fig. 1c ). These geological units are covered by Pliocene-Pleistocene volcaniclastic deposits of the Casabianca Formation (Borrero and Naranjo 1990) .
Chronostratigraphic position
The absolute age of the WBAF is undetermined. However, the deposit is inferred to be younger than the first domes of the volcano, which were emplaced approximately 7 ka (SGC 1991; Monsalve and Núñez 1992; Gil 2001) . Herd (1982) and Lescinsky (1990) reported that a pyroclastic flow deposit overlying the WBAF was > 1.1 ka (CB5; Fig. 2a and c). Considering the active periods I (14-12 ka), II (8.2-4.9 ka), III (2.9-2.0 ka) and IV (< 1.1 ka) and the resting periods I (12-8.2 ka), II (4.9-2.9 ka) and III (2-1.1 ka) of the Cerro Bravo volcano (Monsalve and Núñez 1992; Gil 2001) , the WBAF was likely emplaced sometime between 7 and 2.9 ka. In fact, SGC (1991), Monsalve and Nuñez (1992) and Gil (2001) mention that this time period is characterised by generate explosive and effusive eruptions generating pyroclastic falls, pyroclastic flows and emplacement and destruction of domes.
Methodology
Only a few outcrops of the WBAF are exposed in the cover of younger deposits and dense, highland, vegetation that characterises the region. Thus, our sampling relies on two locations where the deposit is exposed (Fig. 1) .
The most proximal sample (WBAF1) was collected2 .2 km from the eruptive centre, while the most distal (WBAF) was sampled at~9.7 km (Fig. 1b, c) . The deposit was characterised in the field through description of the sedimentological features. The samples were then characterised in terms of (1) density (ρ), the glassy fragments/matrix ratio, degree of flattening of glassy fragments (macro scale), porosity (Heap et al. 2014; Farquharson et al. 2015) , compaction (Gifkins et al. 2005; Quane et al. 2009 ), and presence of fiamme (McBirney 1968; McPhie 1993; Gifkins et al. 2005; Bull and McPhie 2007) . The degree of sintering ) and vesicle collapse Michol et al. 2008 ) was also assessed. Sample density was calculated from the mass obtained using an electronic scale combined with the volume obtained through immersion in water, after oven drying period of 24 h at 60°C. The glassy fragments/matrix ratio of the samples was calculated using the ImageJ software on scanned photographs, while the dimensionless flattening values of the glassy fragments were determined from the length/width ratio (Peterson 1979; Michol et al. 2008) . Porosity was obtained using dyed (sky blue), vacuum-saturated with epoxy, thin sections prepared from the matrix of the deposit. In these sections, a sweep of 300 points (1 × 1 mm between points) was made using a petrographic microscope. Values of density, flattening and porosity were then compared to the values proposed by Quane and Russell (2005a) for different welding ranks which vary from non-weld (rank I) to densely weld (rank VI). All the calculations and analyses were carried out at the laboratories of the Instituto de Investigaciones en Estratigrafía (IIES), Universidad de Caldas (Colombia). To model the original deposit thickness, glass transition temperature, effective viscosity and time of welding that best fit the current characteristics of the WABF, we use equations proposed by Russell (2005a, b, 2006) , as well as universal diagrams proposed by Giordano et al. (2005) and Heap et al. (2014) . These models were adjusted with variables such as composition, density, porosity and degree of flattening of vitreous fragments. As a result, equations allowed us to establish the tension carried out by the deposit and the thickness reduction, while the diagrams allowed us to define the glass transition temperature, the effective viscosity and the welding time.
Results

Herveo pyroclastic flow deposit
The Herveo pyroclastic flow deposit is a matrix-supported and poorly sorted deposit ( Fig. 2a, d ) with a maximum observable thickness of~37 m. The matrix is grey in colour and is composed of glass shards, crystals and negligible pumice fragments. The deposit includes dark, glassy volcanic fragments up to 17 cm in diameter; the fragments are angular, sometimes elongate, and together form a eutaxitic texture in some sectors of the deposit. These fragments are porphyritic, with plagioclase, pyroxene, and amphibole phenocrysts. The groundmass is glassy (aphanitic) with some microcrystals similar in composition to the phenocrysts (supplementary material 1). The fragments are dacitic, having 63.8% SiO 2 and 6.65 wt% Na 2 O + K 2 O, and are calc-alkaline (supplementary material 1).
Overlying the deposit is a unit named CB5 (Fig. 2) (Herd 1982; Lescinsky 1990) , which comprises two parts: (1) a 13m-thick pumice flow deposit with pumice fragments up to 40 cm in diameter and (2) a 15-m-thick block and ash flow deposit with fragments up to 15 cm (Fig. 2 ). Both deposits are loose, matrix-supported and poorly sorted ( Fig. 2 ) and the dominant fragments are andesitic in composition (supplementary material 2).
Samples physical properties
Density, glassy fragments/matrix ratio, flattening of glassy fragments, porosity and viscous compaction are commonly measured physical properties that are used to characterise welded pyroclastic deposits (e.g. Cas and Wright 1987; McPhie 1993; Streck and Grunder 1995; Russell 2005a, 2005b; Quane and Russell 2006; Bull and McPhie 2007; Michol et al. 2008; Heap et al. 2014; McPhie and Cas 2015) . Values obtained for this study are as follows:
1. Density values of the two samples were calculated after obtaining mass values of 2.25 kg for WBAF1 and 1.88 kg for WBAF2, and volume values of 1.06 × 10 −2 m 3 for WBAF1 and 1.03 × 10 −2 m 3 for WBAF2. Thus, we have obtained 2120 kg/m 3 for sample WBAF1 (Fig. 3a) and 1825 kg/m 3 for sample WBAF2 (Fig. 3b ). 2. The ratios of glassy fragments to matrix for sample WBAF1 are 28 and 72 ( Fig. 3c ), respectively. Sample WBAF2 has a ratio of 23/77 ( Fig. 3d ; Table 1 ). 3. The long (a) and short (c) axes of the clasts in two dimensional section were measured as a metric of flattening based on elongation calculated as 1-(c/a) (Michol et al. 2008) . Values of flattening for glassy fragments average 0.75 in sample WBAF1 (31 fragments; Fig. 3a , c; Table 1 ) and 0.66 in sample WBAF2 (28 fragments; Fig. 3b, d ; Table 1 ). 4. Porosity of the ash matrix (excluding blocks) was 16% in sample WBAF1 ( Fig. 3e ) and 28% in sample WBAF2 (Fig. 3f ). 5. Viscous compaction felt as a reduction in the porosity and thickness of a pyroclastic flow deposit in response to the sintering (Fig. 3e , f) and viscous deformation, is evidenced by the presence of fiamme. Fiamme are observed in both collected samples ( Fig. 3g, h) , where fiamme of sample WBAF1 (Fig. 3g ) are more deformed than those in sample WBAF2 (Fig. 3h )-welding facies thus being less intense in the latter sample.
Processes and welded facies
The Herveo-welded flow deposit shows sintering processes at different scales, including collapsed vesicles flattened perpendicular to the load directions and deformed glassy fragments parallel to the flattening. Each process is associated with different welding facies. Thus, incipiently welding facies corresponds to not consistent amalgamation between fragments (Fig. 4a, b) , while partially welding facies is represented by the collapse of vesicles (Fig. 4c, d ) and moderately welding facies by deformation of glassy fragments (Fig. 4e, f) . These features indicate that the deposit was held at or above the glass transition temperature (Ross and Smith 1961; Guest and Rogers 1967; Cas and Wright 1987; Riehle et al. 1995; Grunder and Russell 2005; Michol et al. 2008 ) and serve as a metric of welding facies, which range from incipient to moderate in the case of the WBAF (e.g. Streck and Grunder 1995) .
Discussion
Welding of pyroclastic deposits depends on many factors including emplacement temperature, glass transition temperature, time of emplacement temperature above glass transition temperature, thickness, porosity variations, density, cooling history, effective viscosity and water content (Smith 1960; Guest and Rogers 1967; Riehle et al. 1995; Streck and Grunder 1995; Giordano et al. 2000; Quane and Russell 2005a, b; Giordano et al. 2005; Quane and Russell 2006; Giordano et al. 2008; Michol et al. 2008; Heap et al. 2014 ).
Thus, we next discuss the welding conditions of the WBAF in terms of (1) evidence for welding, (2) welding rank, (3) factors that led to the welding and (4) initial conditions (original thickness, glass transition temperature, effective viscosity and time of welding). 
Welding evidence
Although the WBAF has been interpreted in previous studies as a deposit that has undergone lithification or hardening (Lescinsky 1990; SGC 1991) , no previous studies have focused on understanding the processes associated with this characteristic. In this study, however, dark dense glassy volcanic fragments (Fig. 2d ), flattened glassy fragments (Fig.  3a, b ), sintering of particles (Fig. 3e , f) and collapsed vesicles ( Fig. 4 ) are strong indicators that the induration results from welding processes (Streck and Grunder 1995; Quane and Russell 2005a; Michol et al. 2008) . Indeed, these diagnostic characteristics have been observed in many naturally welded deposits (Smith 1960; Guest and Rogers 1967; Streck and Grunder 1995; Michol et al. 2008 ) and have been replicated in laboratory experiments Giordano et al. 2005; Ma and Daemen 2006; Quane and Russell 2006; Vasseur et al. 2013) . Fiamme, which are common in the WBAF (Fig. 3a, b, , the WBAF is too young (< 7 ka) to have undergone the extreme diagenesis required (Fig. 2a) . Flattened fragments having a common orientation (i.e. eutaxitic texture; Fig. 3a, c) is also evidence of compaction associated with welding of block and ash flow deposits, especially given the massive, poorly sorted, chaotic nature, of the 
Welding rank
According to Quane and Russell (2005a) , welded pyroclastic flow deposits develop vertical variations with different welding ranks in which the maximum range of welding is reached towards the centre of the deposit. This is because the cooling processes (loss of heat by conduction and thermal radiation) act more slowly in this part of the deposit. Although in outcrops of the WBAF these variations were not possible to observe in detail, the analysed samples of the WBAF do show different welding facies (Fig. 4) . According to qualitative classification criteria (deformation of clasts, adhesion of clasts, typical colour and luster) proposed by Streck and Grunder (1995) , the WBAF samples display incipient, partial and moderate welding facies ( Figs. 2d and 4 ). Quane and Russell (2005a) , however, proposed a quantitative classification (ranks) related to flattening of glassy fragments, porosity and density. These welding ranks were derived and adjusted from previous classifications such as Smith (1960) , Ragan and Sheridan (1972) , Streck and Grunder (1995) , and Wilson and Hildreth (2003) . Adopting their criterion, sample WBAF1 is moderately welded having rank IV (Fig. 5a, b ) and sample WBAF2 is partially welded having rank III (Fig.  5a, b) in the I to VI classification scheme. 
Factors that led to the welding
According to Michol et al. (2008) , welding of a block and ash flow deposit at Mount Meager volcano was facilitated by an autogenous process of a yet hot dome. This factor, accompanied by the limited extent (< 1 km) of the block and ash flow and the deposition in a confined area, facilitated heat storage and resulted in a slow cooling process, which allowed the deposit to weld (Hickson et al. 1999; Michol et al. 2008; Andrews et al. 2014; Heap et al. 2014) . The pyroclastic flow that formed the WBAF advanced~10 km (Fig. 1b, c) and was deposited in an unconfined area (Fig. 1c ). For this reason, although in principle the origin of both deposits is associated with explosive eruptions and not simply to a gravitational collapse of a dome (Merapi type, Michol et al. 2008) , the factors that led to welding in the Cerro Bravo deposits should be different. Thus, factors that best describe the welding processes apparent in the WBAF are as follows:
1. Destruction of a hot endogenous dome. We suggest that heat storage in a growing dome, which was the source of the pyroclastic flow, contributed to emplacement at relatively high temperatures. Evidence of this is the presence of vesicles (e.g. Capra et al. 2016) which, in our case, are collapsed by viscous compaction (Fig. 4) . 2. The water content, as this is inversely proportional to glass transition temperature. But how fragments reached the glass transition temperature is debatable. Here, we consider that the influence of water might be the clue.
The flow was emplaced in a tropical, water-rich environment in which heavy rain is common. The flow emplaced on top of a water saturated zone, such as fluvial sediments, or along a river itself. In both cases, diffusion of water downward or upward through the hot deposit might have contributed to decreasing the melting point of the juvenile fragments, thereby increasing the compaction and development of fiamme after deposition. This process occurs when the inward diffusion of water exceeds the outward diffusion of heat and the water content is sufficient to depress the melting point (McBirney 1968). 3. The amount of glass in the matrix. In the WBAF, glass in the matrix is > 70% (Table 1) . This value is high considering that sintering mainly affects vitreous pyroclastic fragments (Smith 1960; Guest and Rogers 1967; Ragan and Sheridan 1972; Sparks and Wright 1979; Sparks et al. 1993; . When this occurs, compaction, deformation and the development of eutaxitic textures are the response to the welding itself (Smith 1960; Fig. 5 Diagrams of welding ranks for pyroclastic flow deposits. a Average flattening of glassy fragments versus density of the WBAF1 and WBAF2 samples; note that WABF1 falls in rank IV (moderately welded) and WABF2 falls in rank III (partially welded). b Porosity versus density; note that WABF1 falls in rank IV and WABF2 in rank III Russell and Quane 2005; Gifkins et al. 2005) . In fact, the welding rank will depend on the intensity of the sintering. Consequently, the high fraction of glass in the matrix may explain why it developed a high welding rank, despite the fact that the WBAF was not deposited in a confined area (Fig. 1c) . In comparison, the Mount Meager deposit glass content does not exceed 57% (Michol et al. 2008) .
Based on these factors, the following four-step eruptive sequence for the formation of the WBAF is proposed. The first involves ascent of a dacitic magma through the volcanic conduit ( Fig. 6a ) so that (as a second step) the magma is extruded as an endogenous dome, storing heat inside the inflating unit (Fig.  6b ). Third, a vulcanian/pelean eruption occurs, destroying the growing dome (cf. Cole et al. 2002; Woods et al. 2002; Formenti and Druitt 2003) , and a high-temperature pyroclastic flow is generated (Fig. 6c ). Finally, the pyroclastic flow is emplaced over a wet zone, engendering upward water diffusion and facilitating welding processes (Fig. 6d ).
Initial formation conditions
Original thickness
The current deposit is 37-m thick where the WBAF2 sample was taken. This thickness is the result of a decrease after porosity reduction due to viscous compaction. Considering an initial porosity (Φi) of 40% for non-welded BAF deposits ( Fig. 5 ) (Quane and Russell 2005a) and final values (Φf) of 16 and 28% for samples WBAF1 and WBAF2, respectively, we use the average strain (Ev = (Φi -Φf)/(1 -Φf)), as proposed by Russell (2005a, b, 2006) , to calculate the original thickness of the deposit (assuming 37 m for the whole deposit). Thus, an average strain (Ev) of 0.28 and 0.16 for WBAF1 and WBAF2, respectively, was obtained. The higher strain value in the WBAF1 sample is the result of a more intense compaction (Fig. 3a) , greater porosity reduction (Fig.  3e) , better development of fiamme (Fig. 3g) , and higher rank of welding ( Fig. 5) with respect to the WBAF2 sample. Now, the original deposit thickness (Ho) can be computed from the current deposit thickness (Hf) and the strain (Ev) (i.e. Ho = Hf/ (1 -Ev)), as proposed by Russell 2005a, Michol et al. 2008 . Therefore, the original deposit thickness (Ho), where the WBAF1 sample was taken, was reduced in thickness by 15 m (i.e. meaning that initially it was 52 m); in the location where the WBAF2 sample was taken, the reduction was 7 m (i.e. it was initially 44-m thick).
Glass transition temperature
Previous studies report emplacement temperatures of 360-400°C , of ≤ 540°C (Uehara et al. 2015) , and up to 550°C (Voight and Davis 2000) for block and ash pyroclastic flows. However, none of these deposits developed welding. This prompts the question, why is WBAF welded? Giordano et al. (2005) showed that glass transition temperature depends on water content such that with increasing water contents, Tg decreases. As an example, in a block and ash flow deposit at Unzen volcano, which also had a dacitic composition, Uehara et al. (2015) defined a water Fig. 6 Cartoon illustrating the eruptive dynamics that gave rise to the Herveo welded block and ash flow deposit. a Ascent of magma through the volcanic conduit. b Growth of an endogenous dome. c Explosive eruption destroy the dome and generates a pyroclastic flow with an emplacement temperature similar to that of the dome. d The deposit is welding in response to sintering and compaction content of 0.5 wt% and used this low water content to explain why the deposit, emplaced at 540°C, did not weld. Following Giordano et al. (2005) , for welding to have occurred in the Unzen volcano deposit, the emplacement temperature with 0.5 wt% water would have to have been between 620 and 670°C (Fig. 7) . Conversely, an emplacement temperature of 540°C would require a water content of 1.2 wt% to permit welding (Fig. 7) . Considering these values as the required maximum and minimum temperature and water content for reaching the glass transition temperature and to cause welding in a block and ash flow deposit such as the WBAF, we propose values from 540 to 670°C and 0.5 to 1.2 wt%, respectively, for welding to occur. These values thus reflect our best estimation of temperature and water content for welding in the WBAF deposit.
Effective viscosity and time of welding
In order to establish the effective viscosity and the time required to achieve the welding of rank IV in the WBAF, we used the universal diagram proposed by Heap et al. (2014) . This diagram presents a welding window for BAF deposits Fig. 7 Glass transition temperature versus water content diagram (taken from Giordano et al. 2005) . Note the minimum (540°C) and maximum (670°C) temperature during the welding process of the WBAF deposit (shaded zone) Fig. 8 Diagram illustrating the time required for a block and ash flow deposit, with a thickness of between 44 and 52 m and an effective viscosity of 10 12 Pa s, to reach a welding rank IV (shaded zone) (taken from Heap et al. 2014) with thickness versus time variables, and contours of effective viscosities between 10 7 -10 15 Pa s. Here, it is worth mentioning that effective viscosity, in contrast to the melting viscosity, includes all the components of the system (composition, water content, crystallinity temperature, fragment distribution, pore and bubble distribution). To restrict the welding window, Heap et al. (2014) considered (1) that fast cooling times, causing thermal diffusivity, not allow vitreous fragments to reach the glass transition temperature; (2) an effective viscosity < 10 9 Pa represents unreal thermal and rheological conditions of cooling and crystallisation of BAF source materials; and (3) that emplacement BAFs with effective viscosities of > 10 13.5 Pa s are excessively viscous for being welded.
Following Giordano et al. (2005) , we use the effective viscosity that best represents the conditions of welding in BAFs; this is 10 12 Pa s, since this viscosity coincides with the glass transition temperature in pyroclastic deposits (Giordano et al. 2005; Heap et al. 2014 ). Viscosities of 10 11 Pa s have also been reported associated with the glass transition temperature (Giordano et al. 2005) . However, Heap et al. (2014) mentions that this value applies for block and ash deposits that do not exceed 10 m in thickness. Thus, according to the diagram showing in Fig. 8 , with an original thickness of between 44 and 52 m, the temperature of WBAF reached the threshold of the glass transition temperature in between 5 and 6 days.
Conclusions
Density, flattening of glassy fragments and porosity of the WBAF show that induration of this deposit corresponds to welding rank III (partially welded) and IV (moderately welded). The welding processes (sintering, collapse of vesicles and deformation of glassy fragments) generated viscous compaction in the deposit, eutaxitic textures and a reduction between 15 and 7 m of its original thickness. A hightemperature pyroclastic flow associated with the destruction of a growing endogenous dome and upward water diffusion associated with emplacement over wet ground, meant, that the emplacement temperature was between 540 and 670°C and exceeded or remained in the threshold of glass transition temperature for between 5 and 6 days, during which the effective viscosity was 10 12 Pa s and the water content was 0.5-1.2 wt%. These conditions are therefore those that favoured welding in the block and ash flow deposit.
